. These results showed that New Zealand U. pinnatifida is a good source of the nutritionally important minerals calcium, magnesium, potassium and phosphorus. They also contained trace amounts of minerals such as chromium, copper, manganese, nickel, selenium and zinc. Contaminants such as arsenic, cadmium, mercury and lead were found at very low, safe, levels.
Introduction
The importance of health foods is becoming widely acknowledged and as a result the consumption of seaweed in Western countries has gradually increased. Seaweeds have been employed as food and medicines for a long period of time in many Asian countries such as Japan, Korea, China, Vietnam, Indonesia and Taiwan [1] . Seaweed is an excellent source of nutrients such as fiber, polyunsaturated fatty acids, vitamins, proteins, and miner-from Port Underwood, South Island, New Zealand. The two farms were designated as PE 327 (41˚20'36.89''S, 174˚07'50.17''E) and 106 (41˚19'35.05''S, 174˚08'56.71''E) (Figure 1) . Sampling of PE 327 was carried out on a monthly basis from April to October 2011. Sampling of 106 was carried on monthly basis from July to October 2011. Every month six plants were collected from each farm. The license to harvest the U. pinnatifida was issued by MAF Biosecurity New Zealand, Biosecurity Act 1993 Section 52 Permission granted to Wakatu Seafoods Ltd.
The two additional sites were integrated into this study from August to November 2011. They were located on the eastern and western side of Miramar Peninsula in Wellington Harbour, New Zealand. The eastern sampling site was designated as Wellington site A, located in Shelley Bay (41˚17'38.082''S, 174˚49'16.110''E), the western sampling site is designated as Wellington site B, located in Worser Bay (41˚18'46.207''S, 174˚49'49.678''E) (Figure 1) . Six replicate plants were collected from each farm. The license to harvest the U. pinnatifida was issued by MAF Biosecurity New Zealand Biosecurity Act 1993 Section 52 Permission granted to Sustainable Seafood NZ Ltd.
Seaweed Pre-Treatment
The samples collected from PE 327 and 106 were rinsed to remove debris and epiphytic organisms from the thallus. The blade was separated from the sporophyll, frozen, lyophilized, ground to a fine powder and stored in polyethyene bottles to await analysis.
The samples collected from Wellington harbor were rinsed to remove debris and epiphytic organisms from the thallus. The blades were separated from the sporophylls. The samples were dried to constant weight at 60˚C in a Sanyo MOV-112 laboratory oven, ground to fine powder and stored in polystyrene bottles to await analysis.
Metals Analysis
In brief, the dried, ground samples of U. pinnatifida were digested in acid, filtered, diluted and measured on a Varian Liberty ICP AX Sequential inductively coupled plasma atomic emission spectroscopy (ICP-AES). Acid digestions were carried out by adding an 0.5 g of sample to 10 mL of concentrated Laboratory Analytical Grade 70% HNO 3 in acid digestion block (VELP Scientifica DK20 heating digester). The reaction mixture was heated at 90˚C for 30 minutes and then 110˚C for 2 hours. 5 mL of 80% HClO 4 was then added and heating discontin ued when dense white fumes appeared. After cooling, the mixture was filtered through what man number 42 filter paper. The resulting solution was finally made up to 50 mL with deionized water in a volumetric flask. Each blade and sporophyll sample from a single plant harvested was subjected to two replicate metals analysis experiments. The ICP AES was running at Power of 1.2 kW, plasma flow at 15.0 L/min, auxiliary flow at 1.5 L/min, nebulizer Pressure at 200 kPa, replicate time at 1 second, stability time of 15 seconds and PMT Voltage of 650 V. The ICP AES sample introduction settings was set at default, sample uptake of 30 seconds, rinse time of 10 seconds and pump rate at 15 rpm.
Results and Discussion
Our results demonstrate that U. pinnatifida contained variety of minerals and heavy metals and that these varied in content across the time period investigated. Essential minerals for human health such as Ca, K, Mg and P were the most abundant minerals while Cr, Cu, Mn, Ni, Se and Zn contents existed in trace amounts. Table 1 shows the range of metal contents of U. pinnatifida collected from four different sites in New Zealand.
Various agencies e.g. the World Health Organisation (WHO) and the National Health and Medical Research Council of Australia (NHMRC) have recommended daily intake (RDI), upper level of intake (UI), tolerable daily intake (TDI) and adequate intake (AI) for some of the metals in this study. In addition, the WHO has also provided guidelines of provisional tolerable weekly intakes (TWI) for some of the more harmful heavy metals in this study. We have determined the amount of each metal contained in an average serving of Wakame seaweed salad. This is based on 40 g (wet weight) serving (approximately 4 g dry weight). These quantities are compared to the WHO and NHMRC guidelines in Table 2 . Mean data across all sites from October 2011 was used, because most metals displayed the highest concentration in that month and October is the most likely harvesting period due to the large size of the plants at that time. A comparison of arsenic was not carried out because available guidelines only govern inorganic arsenic levels, while total arsenic level was measured in this study.
General Patterns
There were significant differences between metal contents in the blade and sporophyll tissues, with the blade generally containing higher concentration of metals than the sporophyll. This distribution may be able to be explained by the following mechanism. Absorption of elemental ions into the algal cells first occurred in the blade when the division and enlargement of the cells occurred, and the elements can be secondarily transferred to the sporophyll by active transport though inner hyphae in kelp species [20] - [22] . Therefore, the lower metal concentrations in the sporophyll can be explained by the difference of transfer tendency of the metals through the transport system.
Calcium
There was an increase in the blade tissue content of calcium in 327 between May and June, and then it became relatively stable. In general the blade tissue contents of Ca in 327 were slightly higher than the other three sites. A similar pattern of fluctuations for the sporophyll tissue content of Ca had been observed for all four sites. PE 327 had slightly higher sporophyll tissue content of Ca than the other three sites. . [25] . The World Health Organisation recommends the daily intake (RDI) of Ca is between 1 g/day and 1.3 g/day for adult [26] . Whereas the nutrient reference values for Australia and New Zealand states that the upper level of intake (UI) for Ca is 2.5 g/day and the recommended daily intake for adult is 1 g/day [27] .The Australia/New Zealand food standards code suggests the Care commended dietary intake for adult is 0.8 g [28] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood would contribute 2.8% and 3.6% of the RDI by WHO/FAO and NHMRC respectively while the same sample from Wellington would contribute 3.1% and 4.1% of the RDI by WHO/FAO and NHMRC respectively.
Potassium
There were steady increases of blade content of potassium in PE 327 from April to October, a similar trend also observed along the sampling period in farm 106 and both Wellington sites between August and October. A similar pattern of fluctuations of the sporophyll tissue content of K had been observed for all four sites but the sporophyll content of K in 106 had noticeable lower concentration than the other three sites. The blade values were lower than in previous research e.g. 71.2 g•kg −1 from New Zealand [23] , 86.99 g•kg −1 recorded in Spain [24] and 56.91 g•kg −1 [25] . The World Health Organisation do not have a recommended intake of K but the nutrient reference values for Australia and New Zealand states that the adequate intake (AI) for K is 2.8 g/day and 3.8g/day for adult women and men respectively [27] . Consumption of 40 g (wet weight) U. pinnatifida obtained in October [24] . World Health Organisation recommends the daily intake (RDI) of Mg were 0.22 g/day and 0.26 g/day for adult women and man respectively. Whereas the nutrient reference values for Australia and New Zealand states that the upper level of intake (UI) for adult Mg is 0.35 g/day and the RDI for adult is between 0.31 and 0.42 g/day [27] . The Australia New Zealand food standards code suggests the Mg recommended dietary intake for adult is 0.32 g [28] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would both contribute 9% of the NHMRCRDI.
Phosphorus
There were fluctuations without noticeable trend for the blade tissue content of phosphorus at all four sites. A [25] . The nutrient reference values for Australia and New Zealand states that the upper level of intake (UI) of Pare 4 g/day for adult between 19 to 70 years old and 3 g/kg for adult above 70 years old and the recommended dietary intake (RDI) for adult is 1 g/day [27] . The Australia New Zealand food standards code suggests the P recommended dietary intake for adult is 1 g [28] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 4.8% and 4.2% of the NHMRC RDI respectively.
Chromium
There was an increasing trend between April and June for the blade tissue content of chromium in PE 327, it became relative stable until September and ended with another small increase in October. The blade tissue content of Cr from the other three sites showed some fluctuations across the sampling period. There was also an increasing trend between April and June for the sporophyll tissue content of Cr in farm PE 327, which became relative stable to the end of its sampling period. The sporophyll tissue contents of Cr in the other three sites were steady across the sampling period. The blade values were similar to previous research e.g. 0.74 mg•kg −1 [23] and 0.72 mg•kg −1 [25] . The nutrient reference values for Australia and New Zealand states that the adequate intake (AI) is 0.035 mg/day and 0.025 mg/day for adult men and women respectively [27] .The Australia New Zealand food standards code suggests the Cr estimated safe and adequate daily dietary intake recommended for adult is 0.2 mg [28] . Therefore consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 11.8% and 9.6% of the NHMRC recommended AI respectively.
Copper
The blade tissue contents of copper in the sites of Port Underwood were similar to each other and were higher than the Wellington sites. There was a decreasing trend of the blade tissue content of Cu between April and July in farm PE 327, and the trend became positive between July and October. The blade tissue content of Cu in the other three sites had small fluctuations but were relative stable cross the sampling period. The sporophyll tissue content of Cu from all four sites showed some fluctuations across the sampling period with no noticeable trend observed. The blade values were lower than in previous research e.g. 9.76 mg•kg −1 [23] but high than 1.8 mg•kg −1 [25] . The nutrient reference values for Australia and New Zealand state that the upper level of intake (UI) for adult of Cu is 10 mg/day and the AI is 1.7 and 1.2 mg/day for adult men and women respectively [27] . Therefore consumption of less than 1 kg of wild U. pinnatifida would enough to delivery adequate amount of Cu to human. Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 0.15% and 0.11% of the NHMRC recommended UI respectively.
Manganese
There were small fluctuations for the blade tissue content of manganese across all four sites across the sampling period. The blade from Wellington site A had higher Mn content than the other three sites while both Wellington sites were higher in the sporophyll. The blade values were comparable to previous research e.g. 10.1 mg•kg −1 [23] and 8.7 mg•kg −1 [24] . The Australia New Zealand food standards code for Mn states estimated safe and adequate daily dietary intake recommended for adult is 5 mg [28] . The nutrient reference values for Australia and New Zealand states that the adequate intakes (AI) are 5.5 mg/day and 5 mg/day for adult men and women respectively [27] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 0.8% and 1.06% of the NHMRC recommended Ai respectively.
Nickel
In farm PE 327, there was a steady increase of the blade tissue content of nickel between April and June, which was followed by small drop between June and July, and ended with another small increasing trend. The blade tissue contents of Ni in Port Underwood sites were slightly higher than sites from Wellington. The sporophyll tissue contents of Ni in all four sites were relatively stable with some fluctuations and no noticeable trend. The blade valueswere similar to previous research e.g. 2.65 mg•kg −1 [25] . The World Health Organisation/Food and Agriculture Organization of the United Nations (WHO/FAO) state that the Ni tolerable daily intake (TDI) is 12 µg/kg of body weight [29] . Assuming an adult with 70 kg the level would be 0.84 mg per 70 g person per day. Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 1.3% and 1% of the WHO/FAO recommended TDI respectively.
Selenium
The blade tissue contents of selenium in all four sites showed patterns of fluctuation. The blade and sporophyll from Wellington had higher Se content than Port Underwood. The blade values were higher than what had been found in previous research e.g. 0.070 mg•kg −1 [23] and 0.5 mg•kg −1 [25] . The World Health Organisation has RDI for adult of Se are 0.026 and 0.034 mg/day respectively for adult women and men [26] . Whereas the nutrient reference values for Australia and New Zealand states that upper level of intake (UI) for adult of Se is 0.4 mg/day and the recommended daily intake (RDI) are 0.06 and 0.07 mg/day for women and men respectively [27] .The Australia New Zealand food standards code suggests the Se recommended dietary intake for adult is 0.07 mg [28] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Under wood would contribute 7.1% and 3.5% of the WHO/FAO and NHMRCRDI respectively while seaweed from Wellington would contribute 9.5% and 4.6%respectively
Zinc
The blade tissue contents of zinc in all four sites showed small fluctuations. Wellington sites had slightly higher content of blade tissue Zn than Port Underwood sites. The sporophyll tissue content of Zn in all four sites also showed small fluctuations. Site 106 had slightly higher sporophyll tissue content of Zn than the other three sites.
The blade values differed from previous research e.g. 22.9 mg•kg −1 [23] , 17.4 mg•kg −1 [24] and 9.44 mg•kg −1 [25] . The nutrient reference values for Australia and New Zealand states that the upper level of intake (UI) for Zn is 40 mg/day and the recommended daily intake (RDI) is 14 and 8 mg/day for adult men and women respectively [27] . The Australia New Zealand food standards code suggests the Zn recommended dietary intake for adult is 12 mg [28] . Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Post Underwood and Wellington would contribute 0.78% and 1% of the NHMRCRDI respectively.
Arsenic
The blade tissue content of arsenic between May to October in farm PE 327 showed a slow decreasing trend and a similar trend also been noticed in Wellington Site A between August and November. The blade tissue content of As from the other two sites showed small fluctuations and were relatively stable during their sampling period. The sporophyll tissue content of As between April and July in farm PE 327 showed a slow increasing trend and small fluctuations had been identified in the other three sites. The blade values differed from previous research e.g. 35 .62 mg•kg −1 [23] and seaweed product in Spain contained total As could ranged from 0.031 -149 mg•kg −1 [30] . Marine algae could contain high levels of arsenic, but most were bound into organic molecules such as arsenosugars, which were not acutely toxic like the inorganic forms [31] . In New Zealand, the only regulation applying to seaweed foods is inorganic arsenic. In the New Zealand Food Standards Code, the limit for inorganic arsenic in seaweeds is 1 mg•kg −1 where the material is adjusted to 85% moisture [32] .However, there was no evidence that consumption of organic arsenic at levels up to 50 mg/kg/bw per day, through high levels of seafood consumption had led to adverse effects [33] . Therefore, the total arsenic detected in seaweeds was unlikely to contribute health problems.
Cadmium
Both the blade and sporophyll tissue contents of cadmium in all four sites showed small monthly fluctuations with no clear trends identified. The blade values differed from previous research e.g. 0.13 to 1.9 mg•kg −1 (Almelaet al., 2002) [34] . The World Health Organisation/Food and Agriculture Organization of the United Nations (WHO/FAO) states that the Cd provisional tolerable weekly intake (TWI) is 7 µg/kg of body weight [35] . Assuming an adult with 70kg the level would be 0.49 mg per week. Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute1.9% and 1.8% of the WHO/FAO recommended TWI respectively.
Mercury
The blade tissue content of mercury in all four sites was very low. No statistical analyses performed for sporophyll tissue content Hg as no reliable values recorded. The blade values were comparable to previous research e.g. 0.03 mg/kg [23] .The World Health Organisation/Food and Agriculture Organization of the United Nations (WHO/FAO) states the Hg provisional tolerable weekly intake (TWI) is 1.6 µg/kg of body weight [36] . Assuming an adult with 70 kg the level would be 0.112 mg per 70 g person per week. Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 0.13% and 0.12% of the WHO/FAO recommended TWI respectively.
Lead
The blade tissue content of lead in all four sites showed small fluctuations across months. There was an increase of the sporophyll tissue content of Pb level between April and May in farm PE 327, which leveled out for the rest of the sampling period. The blade values differed from previous research e.g. 0.23 mg•kg −1 [23] and 0.79 mg•kg −1 [25] . The World Health Organisation/Food and Agriculture Organization of the United Nations (WHO/ FAO) states the Pb provisional tolerable weekly intake (TWI) is 25 µg/kg of body weight [37] . Assuming an adult with 70 kg the level would be 1.75 mg per 70 g person per week. Consumption of 40 g (wet weight) of U. pinnatifida obtained in October from Port Underwood and Wellington would contribute 0.054% and 0.064% of the WHO/FAO recommended TWI respectively.
Conclusion
Despite its long coastline, there has historically been little seaweed utilisation in New Zealand [38] [39] . This is likely to change with the availability of U. pinnatifida as a resource. This study investigated the metal contents of U. pinnatifida harvested from New Zealand waters and found that U. pinnatifida is rich in Ca, Mg, K and P with small amounts of Cr, Cu, Mn, Ni, Se and Zn. The concentrations of the above elements when compared to World Health Organisation/Food and Agriculture Organization of the United Nations (WHO/FAO) guidelines and nutrient reference values for Australia and New Zealand, show that U. pinnatifida is safe for human con-sumption and the results for As, Cd, Hg and Pb when compared with WHO/FAO guidelines show that New Zealand U. pinnatifida contains no heavy metals in levels that would be of any concern.
